SYNOPSIS An application of the capillary-papain technique to the rapid cross-matching of blood for transfusion is described. The test can be performed in 15 minutes and is simple to carry out and interpret. It is inferior to the indirect Coombs test in detecting antibodies belonging to blood groups other than the Rh system.
Rapid methods of cross-matching have an important place in emergency transfusion work. The object of this paper is to describe the application of the capillary-papain technique for rapid Rh typing (Gilbey, 1961) to emergency cross-matching and to offer experimental evidence of its reliability in comparison with the indirect Coombs test and certain albumin techniques.
EXPERIMENTAL
The technique employed was essentially similar to that previously described for rapid Rh typing, the serum of the recipient being substituted for the anti-D typing serum. A mixture of equal parts of recipient's serum and Low's activated papain solution was run into a capillary tube 8 in. in length and 1 to 2 mm. in bore, the column of mixture being approximately 2 in. in length. An equal volume of 25 % suspension of washed donor red cells in saline was allowed to run into the serum-papain mixture. The lower end of the capillary tube was plugged with plasticine and the tube incubated for 15 minutes at 370C. at an angle of 450 with the red-cell layer uppermost. At the end of this time the results were read macroscopically or with a hand lens. Any tubes showing a 'beaded' appearance were considered incompatible.
RESULTS
TITRATION VALUES Titrations were carried out on 10 anti-D sera using the capillary-papain, indirect Coombs, and three different albumin techniques. As shown in Table I , the capillary-papain titres compared well with those obtained by the other methods. It is noteworthy that the standard albumin tube method using a 3 % suspension of red cells in albumin and two hours' incubation gave substantially lower values than any of the other methods.
TESTS AGAINST WEAK ANTI-D SERA Tests were made on 48 anti-D sera, most of which contained only weak or poorly reacting antibodies, using the capillary-papain, indirect Coombs, albumin addition, albumin replacement, and 3 % red cells in albumin techniques and also the method involving 20 minutes' incubation of the antiserum with 3% red cells in 30% albumin followed by centrifuging for one minute at 1,000 r.p.m. From Table II it will be seen that while the capillary-papain and the indirect Coombs techniques gave positive results with all 48 sera, all the albumin techniques gave a proportion of false negative or doubtful results. Again, the B. E. Gilbey and Joan M. Lindars technique using 3 % red cells in albumin with two hours' incubation gave the poorest performance.
TESTS AGAINST STORED DONOR BLOOD Using the capillary-papain technique, 10 anti-D sera, selected as being the weakest and most poorly reacting of those sera previously tested (Table II) , were each matched against five pilot samples of D-positive donor blood from transfusion bottles, the age of these samples ranging from 12 to 17 days. The doncr samples had been stored under normal blood bank conditions at 4°C. Of the 10 sera tested, eight gave positive results with all five of the pilot samples, 36 being excellent macroscopic positives and four being readily confirmed with a hand lens. Serum 4 and serum 8 gave negative results with certain pilot samples. These negative findings were confirmed by the indirect Coombs technique. A further six pilot samples gave unequivocal positives when tested against these two sera (Table III) . On subtyping the negatively reacting pilot samples it was found that they were of the same Rh phenotype as the fresh D-positive cells with which the sera 4 and 8 had already given positive results, i.e., CDce. Whether
V =gross macroscopic positive + + =macroscopic positive confirmed with hand lens -=negative reaction these false negatives were due to the poor reacting qualities of the sera or to the condition of the pilot sample we cannot say. The fact that the negative findings were confirmed by the indirect Coombs test suggests that these false negatives were not due to lack of sensitivity of the capillary-papain technique.
TESTS AGAINST ANTIBODIES OTHER THAN ANTI-D A
number of sera containing Rh antibodies other than anti-D were tested, together with sera containing antibodies for systems other than Rh (Table IV) . The capillary-papain technique behaved very well indeed with the other antibodies of the Rh system, but, as was expected, its reliability fell away sharply Hekker, Klomp-Magnee, Krijnen, and van Loghem (1957) reported that serum-papain mixtures lost activity fairly rapidly and that even after 15 minutes a marked loss in activity could be demonstrated. This has also been our experience and we therefore consider it essential that the serum-papain mixture used for cross-matching be used at once if maximum enzyme activity is to be obtained, especially if very weak antibodies are to be detected. The clear-cut results obtained by us with weak anti-D sera are in contrast to the results obtained with albumin techniques, all of which gave varying numbers of equivocal results.
Our findings regarding the detection of anti-Kell by the capiliary-papain technique were similar to the results obtained with a larger panel of anti-Kell sera by Lewis. Hiroko, and Chown (1958) .
While it is accepted that any doubtful reaction would automatically lead to the rejection of the donor, the false negative reactions obtained with certain albumin techniques in the presence of weak Rh antibodies are disturbing.
Under no circumstances would we suggest that the capillary-papain replace the indirect Coombs test as the single method of choice, in view of its poor performance with antibodies other than those against rhesus antigens, but there is a considerably greater likelihood of the rarer Rh antibodies being present in a recipient's serum than there is of those belonging to other blood group systems. The number of tests carried out with anti-C, anti-E, anti-c, and anti-e was necessarily small, but our findings suggest that in the detection of these antibodies the capillarypapain test is as reliable as in the detection of anti-D.
